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Flux Balance Analysis
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Flexibility of the Model

It is possible to incorporate as much, or as little, as is known

about the individual reactions.

2A+B+C=2Y +Z

A+A= (2A)
(2A) + B = (2AB)
(2AB) +C = 2Y +-Z
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Easy Example
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Add External Fluxes
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Optimization using FBA

Biological networks are assumed to optimize a certain

biologically meaningful objective function.

max CTJ
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Sample Problem With D Output
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E. Coli Growth Objective Function

Edwards and Palsson PNAS. USA 97: 5528-5533, (2000)

% Precursors to cell growth.

% Production of Biomass (growth is maximized).

% Components: amino acids, cell wall, DNA, RNA, energy
storage cofactors, polyamines.
% Stoichiometry of growth factors determined

experimentally.

glucose

oxygen Biomass

others
(ions, NH,,
sulfate, ...)




In Silico Predictions of E. Coli Growth

Edwards and Palsson PNAS. USA 97: 5528-5533, (2000)
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In Silico Behavior of E. Coli Growth

Edwards and Palsson PNAS. USA 97: 5528-5533, (2000)




Energy Balance for Simple Loops

Apny + Mgy + Apiz = Apy

JAL + IA + JAL = JAp,

Rate of heat dissipation = Rate of energy pumped in



Energy Balance Analysis

Using SVD: SB = Do

SK = S[B(;,r +1)...B(:;,M)] =0

G'K=AG'K=0



Easy Example
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K Balances Internal Reactions

A+C—B+2D C+D+«+ 2A+8B

0.2236A+ 0.6708B + 0.2236C — .2236B + 1.118D
0.6708A+ 0.6708B + 0.2236C + 0.2236D «— 0.4472A+ 0.2236B + 1.3416D

0.67/08A+-0.8944B+- 0.2236C +1.3416D = 0.6708A -+ 0.8944B + 0.2236C 4- 1.3416D



Second Law of Thermodynamics

~JnGH = —kgT(3L - 3)) In% >0
‘J—I-
Each reaction must dissipate energy (or heat). Jis the
turnover per unit time and AG/ is the chemical potential
change per turnover. By summing over all reactions, this
formula can be used to compute the total heat dissipation

rate, which is necessarily equal to the entropy production

rate of the isothermal biochemical network in a steady-state.



Duality

A sufficient and necessary condition that the system:
N .
S GigJdl <0
=X

admits a nontrivial solution (i.e. at least one G; # 0) is that

It's dual problem:
M .
Y Salyl<o yl>o0
=1

admits only a trivial solution.



Ruling Out Unrealistic Scenarios
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By only using FBA constraints to analyze complex networks,

one allows some nonphysical solutions to be included in the
feasible set of solutions. EBA and thermodynamic
constraints need to be used in combination with FBA to rule

out these unrealistic scenarios.



E. Coli Growth with EBA and
Thermodynamics

Beard, Liang, and Qian Biophysical Journal, 83, 79-86 (2002)
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Conclusions

% By using a Stoichiometric Constraints-Based Model, we are able to

avoid the nasty details of the complex reaction kinetics. By doing so,
we create models which depend only on invariant properties of the

system.

% The complexity of the models can easily be controlled. We can add
as much, or as little, detail as we would like, depending on what we

are interested in studying.

&% It is important to combine the Flux Balance, Energy Balance, and
thermodynamic constraints in order to get physically realistic results.
Such results have proven to be quite accurate in predicting the

behavior of a network under various conditions.



